Although somatic alterations in CAG repeats in the androgen receptor (AR) gene have been suggested to predispose to colorectal cancer, less is known about AR in colorectal cancer carcinogenesis. Because of lack of relevant analysis on CAG repeat length and AR expression in colorectal cancer, we aimed to investigate the prognostic value of polymorphic CAG and protein expression of the AR gene in patients with colorectal cancer. A case-control study was carried out on 550 patients with colorectal cancer and 540 healthy controls to investigate whether polymorphic CAG within the AR gene is linked to increased risk for colorectal cancer. Polymorphic CAG and AR expression were analyzed to clarify their relationship with clinicopathologic and prognostic factors in patients with colorectal cancer. The study showed that the AR gene in patients with colorectal cancer had a longer CAG repeat sequence than those in the control group, as well as increased risk for colorectal cancer among females (P ¼ 0.013), males (P ¼ 0.002), and total colorectal cancer population (P < 0.001), respectively. AR expression exhibited a significant difference in long CAG repeat sequence among males (P < 0.001), females (P < 0.001), and total colorectal cancer study population (P < 0.001). Both long CAG repeat sequence and negative AR expression were associated with a short 5-year overall survival (OS) rate in colorectal cancer. Long CAG repeat sequences and the absence of AR expression were closely related to the development of colorectal cancer. Both long CAG and decreased AR expression were correlated with the poor 5-year OS in patients with colorectal cancer.
Introduction
The principal factor in colorectal carcinogenesis still remains unclear. Colorectal cancer could be developed through different genetic pathways (1) . Colorectal tumors relate to these genetic changes involving the chromosomal instability pathway and some hereditary syndromes, such as familial adenomatous polyposis (2) . Recent studies have showed that androgens regulate cellular growth and differentiation in several hormone-dependent tissues, including colorectal tissue (3, 4) . The androgen receptor (AR) is a ligand-dependent transcription factor that is involved in controlling cellular proliferation and differentiation (5) . AR is located on chromosome Xq11-12 and contains a variable number of CAG repeats, which are polymorphic (CAG 8-35) in a normal human population (6) . The CAG repeat length of AR inversely affects its transactivation potential, either as a directly altered receptor function (7, 8) or indirectly reduced AR messenger at RNA and protein levels (9) . Somatic alterations (10) and instability (11) of the CAG repeat in the AR gene are correlated with colorectal cancer development. However, the genetic influences and protein expression of AR in colorectal cancer carcinogenesis remain unknown.
In this study, we examined the association between polymorphisms of the AR gene and risk for colorectal cancer, as well as the associations between protein expression and polymorphic CAG to the prognostic significance of colorectal cancer. We hypothesized that the risk of colorectal cancer would vary with polymorphic CAG repeat lengths of the AR gene. In addition, we also evaluated the associations and interactions between long and short CAG repeat sequences in different expression levels of AR protein.
Materials and Methods

Study populations
In this study, patients and controls were from different hospitals, namely, The Second Affiliated Hospital of Harbin Medical University (the second AHMU), Third Affiliated Hospital of Harbin Medical University (the third AHMU) in Heilongjiang Province northeast China, and Affiliated Hospital of Inner Mongolia Medical University in Inner Mongolia Autonomous Region in northwest China. All patients and controls have provided informed consent. The study has been approved by the Heilongjiang and Inner Mongolia Regional Ethics Committee.
Controls
The subjects included in the control group were matched by gender and age, and selected using of a sampling frame, targeting the same population from the same place. Blood samples were collected from 540 cancer-free healthy donors (310 males and 230 females) without a family history of colorectal cancer from February 2012 to August 2012.
Patients
Data were collected in 610 consecutive patients with colorectal cancer who were operated from January 2004 to December 2008 and underwent AR analysis in biomolecular laboratories from different universities. Patients with inflammatory bowel disease, hereditary nonpolyposis colon cancer, familial polyposis, and metastatic carcinoma were excluded from this study. All patients received surgery, without giving any adjuvant therapy before surgery. Histopathologic assessment confirmed the diagnosis of colorectal cancer.
Supplementary Table S1 showed distribution of clinical and pathologic features of patients with colorectal cancer. The pooled 550 patients with colorectal cancer were used to study the germline CAG repeat length. A total of 290 patients who met the same AR(CAG)n repeat length of two paired tumor tissues and blood samples were used as test cohorts in the Affiliated Hospital of Harbin Medical University. Furthermore, 260 patients met the same AR(CAG)n repeat length of two paired tumor tissues and blood samples from each patient were used as validation cohorts in the Affiliated Hospital of Inner Mongolia Medical University. The pooled 550 CRC patients comprised 238 females and 312 males (ratio of 1:1.31). In this study, the average age in the patients group was 59.6 years old (range, 34 to 88 years). The tumor grade and stage were classified according to the seventh edition of AJCC (American Joint Committee on Cancer) staging system (12) . Among the 550 patients with colorectal cancer, both nontumoral (from surrounding "normal" mucosa at least 10 cm away from the tumor) and malignant tissue specimens were collected from 150 patients. The medical and follow-up data of patients, including age, gender, lymph node metastases, type of T stage, diameter and location of primary tumor, tumor-nodemetastasis (TNM) stage, degree of primary tumor differentiation, growth pattern, and adjuvant chemotherapy, were retrieved from hospital records and interviews. Adjuvant chemotherapy consisted of two regimens for FOLFOX (5-Fluorouracil, Folinic Acid, and Oxaliplatin) and XELOX (capecitabine plus oxaliplatin).
DNA extraction
The specimens came from both patients group and controls group, including formalin-fixed paraffin-embedded (FFPE) tumor tissues and paired blood samples. DNA extraction complied with the instruction using Tissue DNA Kit (OMEGA) or Blood Genomic DNA Kit (AXYGEN), respectively. Microdissection was used to exclude the normal tissue before FFPE tumor tissues extracted DNA.
PCR-based GeneScan analysis of AR CAG repeats length
After DNA was extracted from specimens, a region containing the polymorphism of repeat CAG sequence was amplified by PCR. Primers (13) were AR-Forward 5 0 -GTTTCTGTGGGGCCTCTAC-GATGG-3 0 and AR-Reverse 5 0 -GTTTCTGCGCGAAGTGATCCA-GAA-3 0 . AR-Forward was fluorescently labeled with 6-carboxyfluorescine (FAM). PCR was carried out as we have previously described (14) . Data were analyzed by GeneScan Software (Applied Biosystems) and Genetyper Software (Applied Biosystems).
Immunohistochemistry
As described previously (14), 4-mm sections from FFPE tissues were dewaxed and rehydrated according to routine procedure. Sections were permeabilized in 0.5% Triton-X100 for 20 minutes and incubated overnight with primary antibody (1:100; ab74272; Abcam), followed by biotinylated anti-rabbit immunoglobulin secondary antibody for 30 minutes. Next, sections were visualized by DAB (3, 3 0 -diaminobenzidine tetrahydrochloride) and counterstained with hematoxylin. Positive controls for AR were from prostate carcinoma tissues. PBS replaced the primary antibody as the negative control. AR-positive expression was determined according to the percentage and intensity (15, 16) .
Statistical analysis
The relationship among AR status, polymorphism of CAG repeat, and clinicopathologic factors was analyzed with a c 2 test. Univariate logistic regression with patients with colorectal cancer was used to assess the association of AR expression with AR(CAG) n repeat length in individual patients. The Kaplan-Meier method was used for univariate survival analyses. The Cox proportional hazard regression model was used for estimating the relative importance of unitary and multiple prognostic factors on survival. Date of diagnosis (colonoscopy or surgery) to death or the date last known alive was calculated as overall survival (OS). SPSS 18.0 statistical software (Austin) was used for statistical analysis and P < 0.05 was considered significant.
Results
Comparison of CAG repeat length between the colorectal cancer and control groups
The PCR products obtained ranged from 206 bp to 287 bp in length (equivalent to 8 and 35 CAG repeats, respectively). Given that the median number of CAG repeats in 550 patients with colorectal cancer was 21.5 AE 2.5, our study selected 22 CAG repeats of 248 bp in length as cut-points. Heterozygous women harboring an allele with more than 22 CAG repeats were classified as having "long" CAG repeat sequences. Figure 1A -D showed "short" and "long" CAG repeat sequences in males, homozygous females, and heterozygous females, respectively. Figure 2A -C showed the distribution of CAG repeat sequences between the control group and patients with colorectal cancer (males, females, and total population, respectively). Supplementary Fig. S1A and S1B showed distribution of "short" and "long" CAG repeat sequences in cases and controls from the different centers. Supplementary Table S2 illustrated that alleles in the control group mainly comprised of 22 or fewer CAG repeats (males, 55.4%; females, 54.3%; total population, 54.9%), whereas alleles in the colorectal cancer group (males, 56.6%; females, 56.5%; total population, 56.5%) consisted of 22 to 35 repeats. Supplementary  Table S2 
Analysis of AR protein expression and association between AR and CAG repeat length in colorectal cancer
The positive expression of AR protein was mainly weak, and moderate staining was observed in colorectal cancer cell nuclei. AR staining demonstrated the following results: 315 cases (male, 175 cases; female, 140 cases) showed negative immunostaining (Fig. 3A) , and 235 cases (male, 137 cases; female, 98 cases) showed positive immunostaining (Fig. 3B) . Supplementary Table  S3 showed that AR expression was positive in 42.7% of the 550 tumor tissues and 81.3% of the 150 paired "normal" mucosa tissues ( Fig. 3C ; P < 0.001). Supplementary Table S4 showed the relationship between the CAG repeat length and AR expression in patients with colorectal cancer. Long CAG repeat sequences exhibited a significant difference between the negative and positive AR subgroups in females (P < 0.001), males (P < 0.001), and total colorectal cancer population (P < 0.001). Univariate logistic regression with patients with colorectal cancer indicated the association of AR expression with AR(CAG)n repeat length (OR, 0.048; 95% CI, 0.031-0.075; P < 0.001) in individual patients.
In this study, their distributions were similar between the test and validation cohorts. By the time of the final analysis on December 30, 2013, 110 patients (37.9%) in the test cohort died of colorectal cancer, with a median survival time of 46.4 months (5-year OS rate 62.1%). Among the patients in the validation cohort, 103 (39.6%) died of colorectal cancer, with a median survival time of 46.0 months (5-year OS rate 60.4%). The 5-year OS rate for the pooled sample of two cohorts was 61.3%.
We also investigated the associations of CAG repeat lengths and AR expression in some clinical and pathologic features, such as age, gender, tumor size, type of T stage, location of primary tumor, lymph node metastases, TNM stage, degree of differentiation, growth pattern, and adjuvant chemotherapy (Table 1) . AR expression and long CAG repeat sequences were related to large tumors (!5 cm; AR, P ¼ 0.001; CAG, P ¼ 0.001) and degree of differentiation (AR, P < 0.001; CAG, P ¼ 0.028), respectively. AR expression was related to pathologic T stage (P ¼ 0.001). Long CAG repeat sequences showed a higher percentage in pathologic N1-2 stage (P < 0.001).
Survival analysis of AR expression and CAG repeat length in colorectal cancer
We initially wanted to verify whether various CAG repeat lengths and AR expression would contribute to survival. We found that CAG repeat length ( Fig. 2D and E) and AR expression ( and validation cohorts. We also found that CAG repeat lengths ( Fig. 2F-H ) and AR expression ( Fig. 3F-H ) significantly affected the survival (5-year OS) in males, females, and total colorectal cancer population, respectively. We analyzed the 5-year OS according to AR expression, CAG repeat length, and clinicopathologic parameters (Table 2) in the test cohort, validation cohort, and pooled samples. Univariate analysis revealed the associations of various factors, including largest tumor diameter (P ¼ 0.005), pathologic T (pT) stage (P ¼ 0.002), pathologic N (pN) stage (P ¼ 0.019), TNM stage (P ¼ 0.024), AR expression (P ¼ 0.001), and CAG repeat length (P ¼ 0.001), with colorectal cancer prognosis. Tumors with large diameters (!5 cm), poor pT (T3-4)/ pN (N1-2) stage, high TNM III stage or negative AR expression, or long CAG repeat lengths were indicators of poor colorectal cancer prognosis. No significant differences in gender, age, differentiation, tumor location, or growth pattern were observed (P > 0.05).
We further investigated these adverse factors in the Cox multivariate survival model. Multivariate analysis for 5-year OS (Table 2) showed that four variables, namely, large tumor diameter !5 cm (HR, 1.372; 95% CI, 1.044-1.803; P ¼ 0.023), pT3-4 stage (HR, 1.434; 95% CI, 1.075-1.912; P ¼ 0.014), negative AR expression (HR, 1.480; 95% CI, 1.105-1.982; P ¼ 0.008), and long CAG repeat lengths (HR, 1.364; 95% CI, 1.042-1.785; P ¼ 0.024), were significantly correlated with prognosis, whereas pN and TNM stages were not considered independent risk factors (P > 0.05).
Survival analysis of AR expression and CAG repeat length in adjuvant chemotherapy colorectal cancer
We analyzed 296 patients with stages IIb and III colorectal cancer who underwent postoperative adjuvant chemotherapy to improve risk stratification. Figure 4 showed the relationship between AR expression (Fig. 4A) as well as CAG repeat length (Fig. 4B) , and recurrence or metastasis in 296 postoperative adjuvant chemotherapy patients. Figure 4A showed that 100 patients with negative AR expression (58.1%) and 56 patients with positive AR expression (45.2%) received postoperative adjuvant chemotherapy, and a statistical difference was observed in recurrence or metastasis in negative and positive AR expression (P ¼ 0.018). Figure 4B showed that 84 patients with long CAG repeat sequences (51.4%) and 52 patients with short CAG repeat sequences (39.1%) received postoperative adjuvant chemotherapy, and a statistical difference was observed in recurrence or metastasis in long and short CAG repeat sequence (P ¼ 0.022). Besides, we found that AR-negative subgroup (Fig. 4C ) and long CAG repeat sequences (Fig. 4D ) significantly affected the poor survival (5-year OS) in postoperative adjuvant chemotherapy patients with colorectal cancer (P ¼ 0.002 and P ¼ 0.004, respectively).
Discussion
Steroid hormone receptors may participate in the differentiation, proliferation, and progression of colorectal cancer tissues (3, 17, 18) . Many studies have focused on estrogen and progesterone, which were believed to have an important function in the development of colorectal cancer (19) (20) (21) . Rudolph and colleagues (22) found that ER expression is independently related to poor survival. However, the function of androgen and AR in colorectal cancer etiology is poorly understood. The function of AR in the colon and rectum carcinogenesis remains unclear. The significance of androgen in tumors was confirmed by different approaches of study (3) . Recent studies suggested a protective function of androgens in the colon (23, 24) . AR expressions have been detected in the colorectal mucosa of experimental animals and humans (25, 26) . Positive AR expressions were observed in 42.7% of colorectal cancer foci and 81.3% of normal mucosa in our study; but this percent was different from that of two studies, which reported lower AR expression in neoplastic mucosa than that in normal colonic mucosa (17, 27) . We found a drastic difference between normal and neoplastic mucosa when analyzing AR protein expression. We hypothesized that polymorphic CAG repeat length can affect AR activity. First, previous studies showed that the CAG repeat length of AR inversely affects its transactivation potential, either as a directly altered receptor function (7) or indirectly reduced AR messenger in RNA and protein levels (9) . Second, the transactivation function of AR is dependent on the ligands and androgens. The receptor function also participates in the control of cellular differentiation and proliferation in hormone-dependent tissues (4) . For example, the androgen signal provides a mitogenic effect in the prostate, where decreasing CAG repeat length of the AR gene increases the cancer risk. By contrast, androgens in breast tissues function in an antimitogenic response, in which long CAG repeats indicated a higher risk for male (14) and female (15) patients with breast cancer. Finally, we observed that the colorectal cancer group had a longer CAG repeat length compared with the control group. We identified the association between the absence of AR expression and long CAG repeat sequence in our study. We studied 550 patients with colorectal cancer without somatic alterations in CAG repeats, and demonstrated that long CAG repeats of the AR genotype were associated with higher (1.293-fold in males, 1.255-fold in females, and 1.277-fold in total colorectal cancer population, respectively) risk for colorectal cancer in a Chinese population, whereas a short CAG repeat sequence may provide a certain degree of protection against colorectal cancer. Our study was different from that of Slattery and colleagues (13) , who found that the AR genotype can decrease the risk for rectal cancer between patients and controls if the genotype possesses a short CAG repeat length. We also obtained a different cut-off point of CAG repeat length, which might attribute to different regions and ethnicities. We tested the CAG repeat length of each patient with colorectal cancer in all tumor tissues and paired blood samples. We found that 90% (550 of 610) of colorectal cancer samples showed no somatic AR CAG repeat alterations. Our study was similar to that of Ferro and colleagues (10), who found 10% somatic alterations in CAG repeats within the AR gene in colon tumors. First of all, our study investigated the prognostic significance of AR (CAG)n repeat sequence. Our results indicate that patients with different CAG repeat statuses had significantly different survival rates. Therefore, a relatively long CAG repeat sequence was independently associated with poor survival in colorectal cancer.
Interestingly, we also found that the absence of AR expression was associated with long CAG repeat sequences that appeared in tumor tissues, and the ratio was 82.9% in males, 92.1% in females, and 86.9% in total patients, respectively. Univariate logistic regression with patients with colorectal cancer indicated the association of AR-negative expression with AR(CAG)n long repeat length in individual patients. The absence of AR expression and long CAG repeat sequences were observed in tumor with large diameter (!5 cm), moderate/poor differentiation, T3-4 stage, and N1-2 stage compared with positive AR expression and short CAG repeat sequences in patients with colorectal cancer, but they were not correlated with other clinicopathologic features. Further research is necessary to determine the exact mechanism underlying the absence of AR expression and presence of long CAG repeat sequences, and their association with a shorter survival rate in patients with colorectal cancer. This phenomenon illustrates that CAG repeat lengths could affect the function of AR protein and alter the biometric traits of colorectal cancer. The results left us with a new question on whether or not we may start with polymorphisms to discover the regulatory mechanism of the transcription change of the AR gene, so that we can interfere with this regulatory mechanism to inhibit tumor development.
In this study, we investigated functional polymorphic CAG and protein expression of the AR gene in postoperative adjuvant chemotherapy patients with colorectal cancer. The absence of AR expression and long CAG repeat sequences were independently associated with poor survival of postoperative adjuvant chemotherapy patients with colorectal cancer. This study indicates that the negative AR subgroup and long CAG repeat sequences were insensitive and tolerant to adjuvant chemotherapy (FOLFOX and XELOX); therefore, these patients were prone to recurrence or metastasis and poor prognostic effect.
Although our study generates some important findings, it also has some limitations. Perhaps, there is variation in androgen levels in foods throughout the year. In addition, dietary data need to be obtained using a very detailed questionnaire. Besides, we selected cut-points for the AR gene based on the median data because there is limited information on the most appropriate cutpoints to evaluate. Other study limits include that studies examining other polymorphisms and functionality of these genes are needed. Much still remains to be done and more accurate data need to be generated to yield more valuable findings in the future.
All in all, our study indicated that absence of AR expression and long CAG repeat sequence were closely related to the development of colorectal cancer. Both long CAG and decreased AR expression were correlated with the poor 5-year OS in patients with colorectal cancer.
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